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The deaipning and buiiding of adequate radiation ehficlding te oma of 
ability of che hunan bedy to sense @ tedistion hasard and the Leck of 
sufftetent infometion te detersine a precise uefe allamble dowe tote, 
for dsolated areas, aurfecs and subourfsee sity propulaton untte, ond the 
@oplications of suclear power in space have pointed cut the nocaseity for 
coliiaated, monoerergetic radiation ecureas, This type of study cortainiy 
te isportant in the development of theories and in the study of the energy 
eutroatly eanples radiation speetewa that tc amitted by a muclear reactor, 
at ig net diffiewlt te raaiive the overesinplifiention of such studies in 

iowa State University's UTRelO veacter is equipped with a shfeld tank 
feetlity, This feeblity provides a etron; seures of games and thamal 
tiutrone thet arc repregemtative of radiation from « thommal roactor, Its 
irotrmentation includes detectors te mansure pacna and neutron radietion. 

The puwpece of this ievestigntion was to emusine the ahdald tank facll~ 
ity and te datemine ite effectivereat as a cam tasting dnetallation, 
Speaitiesily, it was deetrad te deterxine the gauws radiation level 2s a 
fumetion of position in the tenk and reacter power, Io aidition it was 
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Ti, LITERATURE BEVERY 


A seareh of the Literature revealed there ere three anjer shield tank 
facilities eurrently in operation, namely the dd Tank Shielding Paci lity, 
the Tulk Shielding feacter, and the shielding araa at the Sattelle kescarch 
Reactor, The first two facilities are located at Oak fidge National Lebe 
oratory ond the third installation is at the Battelle Memorial institute, 
Of thege three installations, only the Lid Packlity uece a scintillation 
detector for qamce radiation msusurenente, 

Cady (1) deseribes the Lad Tank facility and ite instrumentation, An 
anthracene erystal wae ueed with a seintillotion detector to measure the 
gaan level tn the tank, The current from the photocathode was maacured 
with a semiautomatic eleetrometer, calibrated to read the dose rate diract« 
ty in mrfhr, A standerdized radium source wee used for this calibretion. 
Price (6) discusces dosimetry applications of scintillation d-tectors, 

Mowpan (5) efives «a detailed description of the Sattelle shielding area, 
im bie report, all of the instrumentation is deseribed, incla‘ing the 
fiasion chamber used for gemma dosinetry, 

Casper (2) eompares centerline gewm and neutron Clux measurements in 
the Bulk Shielding Reactor with those predicted by three available exmputer 
prograné, Plote of the resulte and detetie of the prograss are given in 
his report. 

The three inetallatiew deseribed ta the Mterature vary markedly from 
the Uke facility in else, secmetry, extatance of Meaion plates, and the 
distance from the source, On this baaie, if was not empected that dose 
tates or gama spectra should correspond to those censidered in tita ine 
vestigation, 
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Rattety (7) 40 the only previous tavestigater to do experinental work 
in the Towa State University ahtold tank facility, [ifs work vas United 
to themal neutrons, and did not coneider the effects of gamma radiations 
thaw! fissten of U5, Nefenechein (4) gives a gocl coverage of auch 
emparicon with the gmaa speetras in the chdeld tank, oimes ft first cust 
pane theough 3: ft of graphite before reaching the tank. 
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S12, omscwolor of Tam monn 


Te woul@ be highly desteabhe to give the gauma weldotion levels direct= 
ly in untte of wv, This could be accomplished ty magsuring the current 
ffvom a scintillation detector or an donizetion chamber, At this tiue, such 
inetrusentation doas not exist of this Cacklicy, 4c a alternative approach, 
tt was thawht that perhapa the sefintilletion detcctoresealar combination 
could be calibeated againet a ctaniard Co souree to seake opm to owfhe for 
the games existing in the tank, To make ouch of approniaation, in da 
newassery te deterine a representative energy valun fox the gamma in the 
hates ee ee rn eee 

, tunately, the gamaas in the tek 
howe pasced through tha core tent, tha praphite themal duct, and the aluse 
> window before reaching titia factiity, aking the values tn the 
of tho wane abeerpiiion coefficient, it wae hoped that tho values of thie coo 
affieient aight ixiieate 6 reoresetetive value for the paoma anny, “ot0 
tigation indiestes gecme energies that range from @j to 3 Mev, ning the 

odined CoP? eeures submerped de the tank, a mass absorption coadftelent 

O28 ewelige was obtaiend, Pron the date Moted in Grodatain (5), thie 

comraapend te mace abaseption coaiticient of a collimated 0,70 Nev 
oncancretic sem, Tatlure of this onerny value te avproach the kam 
gemma energios for Co, made any calfbratten based on the previous assumpe 
tions highly qaeetionable, tm adklitgem, it would have te be aaused thet the 
Gaiatiliation detaetor had the same counting effiedenesy for the gauss ip 
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Ss Sotenatiten tn trans 00 en ae te memebers corner 
alias hs ath et A bachereund spectrum war reorrdad pricr 
te each run ta which spcetral dota were to te collected, Over the tuo 
menthe during which the experimental deta were being aollected, tho bach= 
gimund ues fund to bo constant, providing the reactor power vas maintained 
at or below 10 watte and the ceaeter core wes peruftted to coel a mindmm 
fur ves meade, Appromieately tuo weeks wore requived to allow the background 
te appreach its initial value, Gidimee the puspose ef thie investigation was 
te evanine the aqperimontal Ceckiity, the backyrxss! values ware nok aube 
tracted from tho measured counting rates. Cevbainiy tho beclgrramd gases 
from the longelived fieeien frageente will be present in all omperimeantal 
wotk, and therefore mut he considered, At paver lowels of 1,0 wette and 
hiches, these backuwound values becasue: ineiondficent, even if emslidered, 
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The UPRe1O ramctor at Tam State University has « 5 ft by 6 ft ty 125 
& figh etdeld tamk factlity lecated on the north end of the resater, The 
radietion pasoos from the reactor core to the tank via the @ fe by 2 fe 
by 3) ft loan sideld tank duet. The duct fs composed of Sein, square 
the bette of the tank, An instrasent brides spane the tep of the tank 
axl bolde the drive mechuniem for a 4eim, diqseter alumimea probe, The 
rangement provides for manent in all three directions, 
hough me provieions ore made for yotation of the prabo, teal tapes ate 
tathad to the tracks of the beddge ani on the probe provide a coomdins 
aystem for identéfiention of positions in the tenk, ‘Tho top of the tank and 
the inateunent brides are chwn in Mgure 1. A crose soction of the tack 
Thallium activated ecdium iatide crystals vere uead vith seintd lation 
detectors to measure the gama radiotion in the tants & Radiation Counter 
abeeatorios eeinti lation detector, model 11006, vas used to meamure the 
gacmes of the prodesignated positdens in the tank, The detector was sone 
tained in plewigiase ineasament, which ean be cown fn “Asura 3, ‘The cleo» 
ttical camections te the detector were aade through a 15 ft flexible tubs, 
Sines the 11008 deteetor oan uot be used vith a vadietion analyzer, ali 
Opeetrnl date were collected with a Muclear Chieage seimtiliation detector, 
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maiol D5, 

An aluminum red and base deviee wos used to hold « standardized Co6@ 

— souree 40 ae from the deteetor, This arrangement was used to check the re~ 
productthility im the electronic counting eireuit, The stamlard ron was 
tude at a submerged depth of 100 em te cosure @ lav background, 

The pulses from the seintd lation detectors were regicteved on a 
uclear Chicago ultrascaler, model 192h0!, The resolution time for this 
Seaton te ove uterwenconds The mextoun counting vate is 17 x 109 eno, 

The Suclear Chieage radiation analyser, model 1910, wes used to invese 
tigate the gasse spectra, This instrument fe only compatible with the 063 
aeintillation detector. 

The soeler sed the detector were permitted te wam up for et leest one 
heer prier te each run, fefere the counts for the investigstion were begun, 
@ standard count was made, The background vas counted at asch of the 25 pree 
nated power, and the courts were not recerdad until three ernsecetive oounte 
at the firet position stwad no increase io the eumting rote, Thies pree 
caution vas taltan to assure that the reactor tad reached steady ctace cone 
ditions prior to starting the eounte, Ali gountn coresepending to ont pane 
setting were onde during the eene mim to elininete inconeisteness in match 
ing veattor power with previous values, Complete runs were made at O,1, 
isO, and 10 watte, Modifaed rons wore wade at 6.05 and 5,0 watte te verify 
gone of the reoulte obtained from the complete cone, During the modified 
runs, only « few pasttiens ta the tank were curveyad, 

The vredietion analyeer wae pereittied to were up for a mindaun of 15 
hours prior te cach rum. Yeehopround wae checked prior tc each run axl o@ 
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standard ren wav made to check reproducibility of the counting clreutt, 
ALL weadinge corresponding to one power level were cide duriag the cane 
tum, The radistion analyzer vase standardised againct a Gat37 souree, 
The base level acale correspomied to energios from 0 to 2 Mey with a 
window width of 100 kev, All counts were made for 1 mins 
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16 
V, RESULTS A DISCUDSTON 


One minute counts were made at 15 @a increments alone the peewetric 
eonterline of the themeal duct window, These data awe tabulated in Table 
1 and plotted in Figures 4 and 5, 

Moure 4 indicates the radiation level diminishes exponentially as 
the distance is increased between the window surfses and the detector. 

This de in agreement with exteting theertes, The Mines dram in Figure 4 
were fitted to the dete points with a least squares fit, Tho masse absorp~ 
tion eooffictents wore dotersined to be 0.0404, 0.0644, 06,0623, 0.0493, and 
0.0364 cw"/gm for venetor power Levels of 0495, Gely BeO, 560, and 10 watts, 
wOspectively, Credetein (3) Licte 0.0499 ond 0.0996 en?/gm as the mane abe 
sorption coeffictente for a collimated beam of mnoenerca’ 
energion of 2 end 3 Mev, respectively, 

Prom Figure 4, the Linear approtination on the semtelog plot soms to 
be more satisfactory at the higher power levels, It is suggested 
$a due te laneined attouk of bashground and the bether qoumténg statioties 
at the iiipher counting rates, The backeroum! count say explain the higher 
readings at the 5 om porition on the 0,05 and 0,1 watt rune, Extrapoiated 
Values taken from Moure 4 indicate the counting retes at the winks sure 
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fogs are 1436 x 105, 5,30 x 108, and 9.50 2 105 opm for power levels of bel, 
Sey ond 10 watts, reapectively, 

Piguve 5 ie a ioc plot of the wariation in caumt rate with reactor 
power for centerline positions 65, 90, 95, ami 126 em from the window, The 
getergl equation for the iimas im this plot ie 

eount tate @ K (reactor power)”, €i} 
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Pigure 4, Gama intensity an a function of conterline disp laeensut 
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Figure 5, Centerline gauma tntensity as a fonction of reseter power 
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“The values of n were determined by a least squores fit to be 04972, 0.97%, 
0,978, and 0,980 for the 65, 80, 95, and 110 em positions, respectively, 
Gedien the walune of w axe snarl Gqeni to enn, the enateriine counting 
‘fate to appronimetely a Meear function of reactor power, The value of 
% ia o fymetion of position, 

Only centerline positions heving data for all five power lovels 
tested were plotted im Tigure 5, The save relationship seams to hold for 
all conterline positions, although only deta for four pesitions ere plet~ 
ted in this {icure, 

The reactor instruments wore the only methed used t< determine the ope 
erating power lewel, A check of the reproducibility ef counting rates et 
the same power loval on two different days, reaulted in variations in the 
oder of magnitude of the standard deviation of the count rate, If the run 
@esignated 1,0 watts was actually made at 1,05 watte, end the 5 watt run at 
4,8 watts, thin would aid in explaining why the actual deviation execseded 
the stenmtard deviation for the qeount rate for these tec mums, It ie felt 
that such variations are possible ard may be due to small devistions fron 
linearity of the resetor instrumentation, 


B. Lateral and Vertical Variation of Gamma Intensity 

In thie portion of the investipation, ft wae desired te determine hew 
the saw. radiation varied icterally and vertically across the witiow, it 
was alco destred to examine the effect of reset=r power on thie distributions 

The date collected in the loteral direction are tabulated in Table 2 
and plotted in Figure 6, All data were normalived asainst the canterline 
count rate for este of plotting, It should be noted that these data were 
Colieeted at 5, 50, am! 95 co from the window for 0,1, 140, and 10 watte, 
foapactively, This permitted euffielentiy high counting rates over the 
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enttve lateral distance to provide the desired accuracy. 

Ruonteution of the dots tnttented that they were closely approximated 
by 4 coins curve for the west side of the wintew but not on the east sides 
A study of the reactor construction details revealed that two control rode 
weapect to the core centerline, The red on the west side fe the maber 1 
safety vod, vatle the shin vod in located on the east aide of the eentere 
line, Suring normal eperations the safety red is completely renoved from 
believed to be the reason for the noneaymmctry tn these deta. This is probe 
ably due to both the flux depresefion at tho shim mod ond the physdeal shteld« 
ing effect af tho rod itself, Tho curves dram ta Figure 6 ave cosine curves 

y @ ooo Tesla, {2) 
The valuos of 2 were detamminsd to Be 7, 03, and 96 a2 Gor Osly LeOy and 
10 watts, renpectivealy, These values were deteruinad by « least squares fit 
applied to the data enlleeted to the vest of the centerlina, wich corres« 
ing to 57 om cant of the centerline, begins to approach the same cosine dise 
tribution, sines the affects of the shim rod are dimintshed at this position, 

Qven with the enall deviatden in the sysnetry, a¢ fe fete that the late 
oral distribution of the gamma intensity ts closely appracim.ted by e comine 
curve, it is sucgested thet this snail dewlatton due te the shim rad will 
proably be fleas important than othor experimental parancters in any system 
that may be favastigated in this feet itty. 

The data collected in the vertices! divection across the faee of tha 
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window are tabulated tn Table 3 ond plotted in Pigure 7, Again all date 
the window were $, $0, and 95 an for the theres power leveles 

The data paints in Migure 7 show « definite lack of sywwtry with 
PTespect tc the centeriine of the wimiew; the count rate being markedly ree 
duced naar the bettem of the tank. The only nomesyaumetrical peametry in 
the econerete tank bottes, The effect of thia nom=syenetry was axpectad to 
 anerease as the distance between the wind end the detector wos increased, 
The data in Pigure 7 indicate the tnverse to be true, The largest deviation 
 fvom syenatry occured in the 6,1 watt rum, which was measured closest to the 
winder, On thie basis, it t6 suggested that the noteayumetry in the vore 
tical distributions of the eount vate is due te «a lack of sywetyy of the 
fomea *leld with respect te the wirndew centerline, This may be due to afther 
a@ displacement of the fuel assenblies of a nonesymetrical distribution of 
fieeton products in the fuel plates, 

The data pointe above the centerline of the winnie may be aprroxiaated 
by @ cosine curve, The curves in figure 7 are cosine curves represented by 
the coneral equation 

y * cos TT av2h, (3) 
where the values of b were deterained by a lecot squares fit te the data 
points abowe the couterline, Gn this hesis, the values of b are 77, 87, and 
$03 for Osi, 1eO, and 10 watts, respectively, 


im future tecting in this faediity, « vertical cosine distribution of 
Qaeme intensity across the winds wuld be highly questionable, Uf this 


asmuemption is made, it must be remembered that the tntensities are markedly 
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C. Gena Spectral Analysis 

The radistion analyser ves used to determine the variation in the 
(eee species vith senctor power at a centerline position 65 an fron the 
thermal duct winders The spectrum was analyzed between @ an! 2,0 Nev with 
4 window vidth 100 kev, The deciston to investigate this portion of the 
Spactrum was based on the fact that less than ten per cant of the total 
Gemmas counted vere nore energetic than 2 Mev, The seale on the analyzer 
was ealtbeeted prior te exch run vith a Cs!97 source, It is imown that the 
@rrey iv spectyal enerey mearurements ineveaces away fron the calibration 
point, thus making the absolute values of the energy seale questionable 
at the end pofots, 

The date tabulated in Table 4 corresponds to reactor powers of Ol, 
1,0, and 10 watts, These data wore normalgced by the counting rate of the 
loweet onerpy interval and pletted im Figure 6, This figure inlicates close 
agveement for all theres power levels, It fo noted thet although the data 
points for all three power settings are moarkly equal, there ie a tendeney 
for the counting ratas corrasporiing to the hicher power Levels te be slighte 
ly increased, There ie a cesplete lack of cheracteristic paske ia these 
dotis 

Spaetral data wore ales collected for two other positions in the tamltg 


oo tha contariine, 5 am from the window at a power of 0,1 watts; ani 57 on 
east of the conteriine, 65 em from the window ot 10 watts, These data are 
gives io Table 5 and are plotted in Ticure 8, 


The data corresponding to the 5 emed,1 watt run dees slew variation 
from the other spectral data plotted, although the seneral shape of the 
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Pigure $8, Gemma eroobme: variation with reactor paver and tank postities 
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(ume wonatund anaxly the sana, Tt was aobed thet although the eaumting 
fate of the 10 wate mun had bean diminished by a foetor of 2 by displectag 
the counter 57 cm from the centerline, the normalieed data points were 

| qmaxhy Adentieals It would appear that the change in the 5 caa0,l watt 
@pectrun was due to the effeet of 66 om less water thickness, The displaces 
nent from the centerline did not appreciably effect the thickness of the 
water seen by the game im the 10 watt rune 

Pees Figure 8 it appenre that the cana epeetmom in the tank is noare 

ly independent of the power level of the reneter, This spectrum will vary 
elightly, depending om the distance from the windew, due to the water 
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A@ @ romult of this investigation, the follering has been concluded: 

i, The centerline gamma intensity te approximately a linear function 
(of reactor power. 

2, The gama intensity veries laterally across the thermal duct wine 
dew a6 1 cosine function, Intensities ara slightly redueed to the east of 
the centerline due to the presence of the shim rod. 

3. The geuwse intensity varies vertically sereas the thermal duct wine 
dow a@ a cosice funetion only above the centerline, The intensitias are 
reduced markedly near the bottom of the tank, 
| & The gauem spectrum in the tank ie aearly indepemient of the pawer 
level, but doce vary somewhat with the thickness of the water seen by the 
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